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\^ (57) Abstract: This invention involves the use of a class of compounds with chelation affinity and selectivity for first transition 
series elements. Application or administration of the free or conjugated compound, or physiological salts of the free or conjugated 
compound, results in decrease of the bioavailability and/or chemical action of first transition series elements. These characteristics 
make such compounds useful in cosmetics and personal care products to decrease odor arising from microbial growth on body sur- 

\^ faces and in body cavities, decrease microbial growth on teeth, plaque, and gums that cause tooth decay and gum disease, inhibition 
of oxidative damage to the skin, inhibition of enzymatic action of metalloenzymes dependent on first transition series elements, and 

>^ inhibition of reperfusion injury. 
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COMPOUNDS WITH CHELATION AFFINITY AND SELECTIVITY 
FOR FIRST TRANSITION SERIES ELEMENTS AND THEIR USE 



BACKGROUND AND SUMMARY OF THE INVENTION 

All literature and patent citations appearing in this specification 
are hereby incorporated herein by reference. 

First transition series elements are essential to the replication 
10 and growth of all cells and viruses. They are essential co-enzymes required 
in a variety of metabolic processes. Iron and copper can catalyze free radical 
formation leading to oxidative damage to tissues. Consequently, alterations 
of the bioavailability and function of first transition series elements can affect 
cell systems, metabolic processes, and complex phenomena that are affected 
15 by such processes. 

It is generally appreciated that most body odors arise from 
chemical byproducts of microbial growth. Thus, antimicrobial agents such as 
triclosan are commonly added to personal care products and cosmetics to 
inhibit development of body odors (such as underarm odor) through inhibition 
of microbial growth. See, Antiperspirants and Deodorants, 2d Ed., K. Laden, 
Ed., 1999, Marcel Dekker, Inc., New York, N.Y. 

It is also generally appreciated that tooth decay, gingival 
inflammation and periodontal disease are initiated by microbial growth on 
surfaces in the oral cavity. Thus, antimicrobial agents such as triclosan have 
been incorporated into toothpastes to inhibit such processes. See, Oral 
Hygiene Products and Practice, 1988 Morton Prader, Ed., Marcel Dekker, 
Inc., New York, N.Y. 

It is also generally appreciated that skin aging is, in part, a 
consequence of cumulative oxidative damage to the skin, particularly related 
to free radical generation consequent to exposure to solar ultraviolet radiation. 
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In part, such free radical generation occurs through iron-catalyzed Fenton 
reactions. Thus, personal care/cosmetics preparations have been formulated 
containing reducing agents such as vitamin E and C to scavenge free radicals 
and other oxidizing species and it has been proposed that iron chelators be 
5 added to sunscreens to inhibit free radical generation. See, Sunscreens 
Development Evaluation and Regulatory Aspects, 1997, N.J. Lowe, N.A. 
Shaath, M.A. Pothak, Eds., Marcel Dekker, Inc., New York, N.Y. 

It is also generally appreciated that first transition series 
elements act as coenzymes in a variety of enzymatic systems 

10 (metalloenzymes). Interference with access to the metal site by agents that 
chelate, or combine with, the metal at open coordination sites results in 
inhibition of the enzymatic activity of such enzymes. See, Inhibition of Matrix 
Metalloproteinases Therapeutic Applications, 1999 R.A. Greenwald, S. 
Zucker, L.M. Golub, Eds., New York Academy of Sciences ANYAA9878 1- 

15 761. 

It is also generally appreciated that complex tissue processes 
may be affected by one or more processes in which first transition series 
elements play a role. For example, reperfusion injury may be related to 
hydroxyl free radicals arising from iron-catalyzed Fenton reactions (see, 
20 "Prevention of Hydroxyl Radical Formation: A Critical Concept for Improving 
Cardioplegia. Protective Effects of Deferoxamine," P. Menasche, etal., 
Circulation, 1987, vol. 76 (Suppl. V), 180-185) and local release of matrix 
metalloproteinase enzymes (see, "Inhibition of Matrix Metalloproteinase-2 
(MMP-2) Released During Reperfusion Following Ischemia Reduces 
Myocardial Stunning Injury," G. Sawicki, et ah, Can J. Cardiol. Vol. 15, Suppl. 
D, 1999). 

Published international patent application WO 97/01360 
("Compounds With Chelation Affinity and Selectivity For First Transition 
Series Elements, and Their Use in Medical Therapy and Diagnosis," 
applicant: CONCAT, LTD., publication date 16 January 1997, application 
number. PCT/US96/1 0785) discloses compositions and methods relating to a 
family of chelating agents having high affinity and specificity for first transition 
series elements. Claims include their use in inhibiting bacterial and fungal 
growth on a surface, including body surfaces, treating conditions dependent 



25 



30 
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on bioavailability of first transition series elements in a patient, and treating 
conditions that are mediated by free radical or oxidation related tissue 
destruction. 

The present specification demonstrates that the family of 
5 chelating agents disclosed in WO 97/01360 are capable of being used in 
cosmetics and personal care products to inhibit odor development (such as 
for example underarm odor), to inhibit replication of microorganisms 
associated with tooth decay and oral disease, and to inhibit oxidation and free 
radical damage to the skin. This specification also demonstrates that this 

10 family of chelating agents is capable of inhibiting enzymatic activity of 

metalloenzymes containing first transition series elements. Still further, this 
specification demonstrates that this family of chelating agents inhibits 
reperfusion injury, possibly as a consequence of their ability to inhibit 
generation of hydroxyl free radicals and/or inhibition of metalloenzymes such 

15 as the matrix metalloproteinases. 

This invention resides in the discovery that a class of substituted 
polyaza compounds showing affinity and selectivity for first transition series 
elements (atomic numbers 21-30), by virtue of their ability to decrease the 
bioavailability and/or biochemical action of the first transition series elements, 

20 are useful in personal care products to decrease odor arising from microbial 
growth on body surfaces and in body cavities, decrease microbial growth on 
teeth, plaque, and gums that cause tooth decay and gum disease, inhibit 
oxidative damage to the skin, inhibit enzymatic action of metalloenzyme 
dependent on first transition series elements, and inhibit reperfusion injury. 

25 These effects are achieved by application or administration of the substituted 
polyaza compounds as either free ligands or as conjugated compounds, or as 
physiological salts of the free ligands or conjugated compounds. 

DETAILED DESCRIPTION OF THE INVENTION 
Abbreviations 

30 Abbreviations are used herein, in conformation with standard 

chemical practice, as follows: Bz, benzyl; Me, methyl; Et, ethyl Pr, propyl; 'Pr, 
isopropyl; 'Bu, isobutyl; Bu, butyl; l Bu, isopropyl; ferf/a/y-butyl; Ts, para- 
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15 



toluenesulfonyl; Tf , trifluoroacetate; DMSO, dimethylosulfbxide; 
DMF.dimethylformamide; DEK, diethyl ketone (3-pentanone); MeOH, 
methanol; LDA, lithium diisopropylamide; THF, tetrahydrofuran; Py, pyridine; 
Ac, acetyl; Ac 2 0, acetic anhydride. 

Embodiments of the Invention 

This invention provides methods useful in personal care 
products to decrease odor arising from microbial growth on body surfaces and 
in body cavities, to decrease microbial growth on teeth, plaque and gums that 
cause tooth decay and gum disease, to inhibit oxidative damage to the skin, 
to inhibit enzymatic action of metalloenzymes dependent on first transition ' 
series elements, and to inhibit reperfusion injury. The in vivo methods involve 
administering to a patient or host a chelating agent (or ligand) which is 
capable of complexing first transition series elements as well as elements with 
chemical characteristics similar to those of first transition series elements. For 
the diagnostic methods, the chelating agent is administered as a complex of 
radioisotopic or paramagnetic cations of first transition series elements (or 
those with similar properties). 

Among the ligands used in the practice of the present invention 
are those represented by the following Formulas I through IV: 
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(IV) 



In Formulas I through IV, R 1 , R 2 , R 3 , and R 4 may be the same or 
different on any single molecule, and the same is true for R 11 , R 12 , and R 13 , for 
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R 21 , R 22 , and R 23 , and for R 31 , R 32 , and R 33 . Each of these symbols (R 1 
through R 33 ) represents H, alkyl, alkeny!, aryl, arylalkyl. alkoxy, alkytthio, 
alkenoxy, alkenylthio, aryloxy, arylthio, alkyl interrupted by one or more oxa 
(-O-), alkenyl interrupted by one or more oxa (-O-), alkyl interrupted by one or 
more thia (-S-), alkenyl interrupted by one or more thia (-S-). aryloxyalkyl, 
alkoxyaryl, aminoalkyl, aminoalkenyl, aminoaryl, aminoarylalkyl, hydroxyalkyl, 
hydroxyalkenyl, hydroxyaryl, or hydroxyarylalkyl, provided only that these 
groups that do not interfere with complexation and that they are not combined 
in a manner that results in a chemically unstable configuration. The alkyl, 
alkenyl and aryl groups, or portions of groups, in the foregoing list can also be 
substituted with one or more halogen atoms. 

In addition to the radicals and radical subclasses listed above, 
R\ R 4 , R 11 , R 21 and R 31 are further defined to include: 
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(V) 



n 



In Formula V, R 41 , R 42 , and R 43 may be the same or different on 
any single radical, and are defined as H, alkyl, alkenyl, aryl, arylalkyl, alkoxy, 
alkylthio, alkenoxy, alkenylthio, aryloxy, arylthio, alkyl interrupted by one or 
more oxa (-O-), alkenyl interrupted by one or more oxa (-O-), alkyl interrupted 
by one or more thia (-S-), alkenyl interrupted by one or more thia (-S-), 
aryloxyalkyl, alkoxyaryl, aminoalkyl, aminoalkenyl, aminoaryl, aminoarylalkyl, 
hydroxyalkyl, hydroxyalkenyl, hydroxyaryl, or hydroxyarylalkyl, provided only 
that these groups that do not interfere with complexation and that they are not 
combined in a manner that results in a chemically unstable configuration. 
Here again, the alkyl, alkenyl and aryl groups, or portions of groups, in the 
foregoing list can also be substituted with one or more halogen atoms. R 44 in 
Formula V is defined as H, hydroxy, amino, alkyl, alkyl interrupted by oxa 
(-0-), alkoxy, aryl, aryloxyalkyl, alkoxyaryl, or any of these groups in which the 
alkyl and aryl portions are substituted with one or more halogen atoms. 
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Again, the groups are selected such that they do not interfere with 
complexation and are not combined in a manner that results in a chemically 
unstable configuration. 

The index n is either zero or 1 . 
5 The symbol X represents any of the following groups: 



10 
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In these formulas, R 41 , R 42 , R 43 , and R 44 may be the same or 
different on any single radical, and each has the same definition as that given 
above for R 41 , R 42 and R 43 . 

R 46 , R 47 , R 48 and R 49 may be the same or different on any single 
5 radical, and are each defined as H, or alkyl or aryl groups that do not interfere 
with complexation. R 46 and R 47 may further be combined as a single divalent 
group, thereby forming a ring structure. R 48 and R 49 are further defined to 
include alkoxy, alkyl interrupted by oxa (-O-), aryloxyalkyl, and alkoxyaryl, 
combine in a manner that results in a chemically stable configuration. All alkyl 
and aryl groups in this paragraph, including alkyl and aryl portions of groups, 
are optionally substituted with one or more halogen atoms. 

R 50 , R 51 , and R 52 may be the same or different on any single 
radical, and are each defined as H, alkyl. alkenyl, aryl, arylalkyl, alkyloxy, 
alkylthio, alkenyloxy, alkenylthio, aryloxy, arylthio, aminoalkyl, aminoalkenyl, 
aminoaryl, aminoarylalkyl, hydroxyalkyl, hydroxyalkenyl, hydroxyaryl, or 
hydroxyarylalkyl. 

The index m is an integer which is either 1 , 2, or 3. 
Returning to Formulas I through IV, further variations within the 
scope of this invention are as follows: 

(1 ) Internal cyclizations within these formulas at the nitrogen 
atoms, formed by joining together any two of the R 1 and R 4 groups in 
Formula I, any two of the R 11 groups in Formula II, any two of the R 21 
groups in Formula III, or any two of the R 31 groups in Formula IV, as a 
single divalent group bridging the two nitrogen atoms, the single 
25 divalent group having the formula 

f 

-c- 

I 



15 



20 



30 



IR'J 



(VI) 

s 

in which R 2 and R 3 are as defined above, and s is at least 2, preferably 
2 or 3; 

(2) Dimers or other two-molecule combinations of Formulas I 
through IV (the molecules being the same or different), formed by 
bridging the molecules together through one or more divalent groups of 
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Formula VI (as defined above) substituted for any one or two of the R 11 
groups in Formula II, any one or two of the R 21 groups in Formula III, or 
any one or two of the R 31 groups in Formula IV; 

(3) Internal cyclizations at common carbon atoms within these 
5 formulas to form homocyclic rings, by joining one or more of the R 2 , 

R 12 , R 22 , or R 32 groups to one or more of the R 3 , R 13 , R 23 , or R 33 groups 
at the same carbon atom, as a single divalent group of Formula VI (as 
defined above), and forming one or more such homocyclic rings per 
structure in this manner; and 
10 (4) Internal cyclizations involving two carbon atoms separated 

by a nitrogen atom within these formulas to form heterocyclic rings, by 
joining any two adjacent R 2 groups in Formula I, any two adjacent R 12 
groups in Formula II, any two adjacent R 22 groups in Formula III, or any 
two adjacent R 32 groups in Formula IV, as a single divalent group of 
15 Formula VI (as defined above) and forming one or more such 

heterocyclic rings per structure in this manner. 

In Formula I, the subscripts p and q may be the same or 
different, and are each either 2 or 3. The subscript r is 0 to 4, inclusive, with 
the proviso that in the absence of a ring structure r is 1 to 4, inclusive. 
20 Preferably, r is 1 or 2. 

In Formula II, t, u, and v may be the same or different, and are 
each either 2 or 3. The value of w is at least 1 , more preferably 1 to 4, 
inclusive, still more preferably 1 to 3, inclusive, and most preferably either 1 or 
2. 

25 The terms used in connection with these formulas have the 

same meaning here as they have in the chemical industry among those 
skilled in the art. The term "alkyl" thus encompasses both straight-chain and 
branched-chain groups and includes both linear and cyclic groups. The term 
"alkenyl" refers to unsaturated groups with one or more double bonds and 

30 includes both linear and cyclic groups. The term "aryl" refers to aromatic 
groups or one or more cycles. 

For all such groups, those which are useful in the present 
invention are those that do not impair or interfere with the formation of the 
chelate complexes. Within this limitation, however, the groups may vary 
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widely in size and configuration. Preferred alkyl groups are those having 1 to 
8 carbon atoms, with 1 to 4 carbon atoms more preferred. Prime examples 
are methyl, ethyl, isopropyl, n-propyl, and ferf-butyl. Preferred ary! groups are 
phenyl and naphthyl, particularly phenyl. Preferred arylalkyl groups are 
5 phenylethyl and benzyl, and of these, benzyl is the most preferred. Preferred 
cycloalkyl groups are those with 4 to 7 carbon atoms in the cycle, with cycles 
of 5 or 6 carbon atoms particularly preferred. Preferred halogen atoms are 
chlorine and fluorine, with fluorine particularly preferred. 

One particularly preferred subclass of compounds within 

10 Formula I are those in which R 1 is alkyl, alkenyl, aryl, arylalkyl, or cycloalkyl, 
substituted at the B-position with hydroxy. Further preferred are compounds 
in which one or more, and preferably two or more, of such groups (R 1 , R 11 , 
R 21 and R 31 ) on the same formula are substituted at the B-position with 
hydroxy. Still further preferred are compounds in which the B-hydroxy 

15 substituted groups are further substituted at the B-position with at least one 
hydroxymethyl, alkoxymethyl, alkenoxymethyl, aryloxymethyl, or combinations 
thereof, all of which may also be further substituted with halogen. Included 
among these are compounds of Formula III In which one or more of the R 21 
groups are substituted at the B-position with hydroxy and also with 

20 hydroxymethyl, alkoxymethyl, alkenoxymethyl, or aryloxymethyl, all of which 
may also be further substituted with halogen, and the R 22 and R 23 groups are 
all hydrogen atoms. 

Certain specific groups for R 1 , R 11 , R 21 , and R 31 are particularly 
preferred. These are 2-hydroxy(2,2-diisopropoxymethyl)ethyl and (3-hydroxy- 
25 6,6,7,7-tetramethyl-1,5-dioxacyclohept-3-yl)methyl. 
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Where indicated, physiologically or pharmacologically compatible 
salts of the ligands, or complexes thereof, which have an excess of acidic 
groups are formed by neutralizing the acidic moieties of the ligand with 
physiologically or pharmacologically compatible cations from corresponding 
inorganic and organic bases and amino acids. Examples are alkali and alkaline 
earth metal cations, notably sodium. Further examples are primary, secondary 
and tertiary amines, notably, ethanolamine, diethanolamine, morpholine, 
glucamine, N,N-dimethylglucamihe, and N-methylglucamine (commonly referred 
to as "meglumine"). Examples of amino acid cations are lysines, arginines and 
ornithines. 

Similarly, physiologically and pharmacologically compatible salts of 
those ligands which have an excess of basic groups are formed by neutralizing 
the basic moieties of the ligand with physiologically or pharmacologically 
compatible anions from corresponding inorganic and organic acids. Examples 
are halide anions, notably chloride. Further examples are sulfates, bicarbonate, 
acetate, pyruvate and other inorganic and organic acids. 

Pharmaceutical compositions comprising the chelates described 
herein are prepared and administered according to standard techniques. The 
pharmaceutical compositions can be administered parenterally, i.e., 
intraarticular^, intravenously, subcutaneously, or intramuscularly. Suitable 
formulations for use in the present invention are found in Remington's 
Pharmaceutical Sciences, Mack Publishing Company, Philadelphia, PA, 17th ed. 
(1985). 

The chelate compositions can be administered intravenously 
Thus, this invention provides compositions for intravenous administration which 
comprise a solution of the chelate suspended in an acceptable carrier, 
preferably an aqueous carrier. A variety of aqueous carriers may be used, e.g., 
water, buffered water, 0.9% isotonic saline, and the like. These compositions 
may be sterilized by conventional, well known sterilization techniques, or may 
be sterile filtered. The resulting aqueous solutions may be packaged for use as 
is, or lyophilized, the lyophilized preparation being combined with a sterile 
aqueous solution prior to administration. The compositions may contain 
pharmaceutical^ acceptable auxiliary substances as required to approximate 
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Physiological conditions, such as pH adjusting and buffering agents, tonicity 
adjusting agents, wetting agents and the like, for example, sodium acetate 
sod,um lactate, sodium chloride, calcium chloride, sorbitan monolaurate, 
triethanolamine oleate, etc. 

The concentration of chelates, in the pharmaceutical formulations 
can vary widely, /.*., from less than about 0.05%. usually at or at least about 
2-5% to as much as 10 to 30% by weight and will be selected primarily by 
fluid volumes, viscosities, etc. . in accordance with the particular mode of 
administration selected. For diagnosis, the amount of chelates in administered 
complexes will depend upon the particular metal cation being used and the 
judgement of the clinician. For use in magnetic resonance imaging the dose 
typically is between 0.05 to 0.5 millimoles/kg body weight. 

In general, any conventional method for visualizing diagnostic 
-maging can be used, depending upon the label used. Usually gamma and 
positron emitting radioisotopes are used for imaging in nuclear medicine and 
paramagnetic metal cations are used in magnetic resonance imaging. 

The methods of the present invention may be practiced in a 
variety of hosts. Preferred hosts include mammalian species, such as humans 
non-human primates, dogs, cats, cattle, horses, sheep, and the like. 

The foregoing description and the following examples are offered 
primarily for illustration and not as limitations. It will be readily apparent to 
those of ordinary skill in the art that the operating conditions, materials 
procedural steps and other parameters of the compositions and methods 
described herein may be further modified or substituted in various ways 
without departing from the spirit and scope of the invention. 



EXAMPLES 
EXAMPLE 1 



are 



This example illustrates the synthesis of chelators (ligands) which 
useful ,n the present invention. Section 1.1 illustrates the synthesis of 
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polyaza bases. Section 1.2 illustrates the synthesis of alkylating groups. 
Section 1.3 illustrates the preparation of chelating agents from alkylation of 
polyaza bases. 

In all examples reactions were carried out in common solvents, 
compounds were purified by routine methodology and identity was established 
by proton NMR. In some cases identity was further verified by elemental 
analysis, mass spectroscopy, C-13 or P-31 NMR, or by synthesis of the 
identical compound fay an independent alternate synthesis route. 

1.1 SYNTHESIS OF POLYAZA BASES 

Ethylene diamine (1.1.0), diethylene triamine (1.1.1), 
triethylenetetramine (1.1.2), 1 ,4,7-triazacyclononane (1 .1 .3), 1,4,7,10- 
tetraazacyclododecane (1.1.4), 1 ,4,8,1 1 -tetraazacyclotetradecane (1.1.5) & 
1,5,9,13-tetraazacyclohexadecane (1.1.6) and the corresponding hydrohalide 
salts were either obtained from commercial sources or were synthesized 
employing established methods and were used directly in the syntheses of 
chelators (ligands) described in section 1 .3. Additional polyaza bases were 
synthesized as described herein. 



/ s 

HjN NH 2 H 2 N ljl NH 2 H2N 

H 

110 1.1.1 



*f If NH 2 

H H 



1.1.2 



ca Cp 

h hLT^h *\Jh* 

113 114 1.1.5 1.1.6 

1-1.7 2 '6-Diethyl-1,4,7-triazacycIononanetrihydrobromide 

2-(p-toluenesulfonylamino)-1-(p-toluenesulfonyloxy) butane (1 .1 .8) 
and ammonium hydroxide were reacted to form 2-{p-toluenesulfonamino)-1- 
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aminobutane (1.1.9). This was reacted with 2-(p-toluenesulfonylamino)-1-(p- 
toluenesulfonyloxy)butane (1.1.8) and potassium carbonate. The 3,7 bis(p- 
toluenesulfonylamino)-5-azanonane (1.1.10) product was purified by 
chromatography and reacted with p-toluenesulfonyl chloride to obtain the 
corresponding tri-p-toluenesulfonyl compound 3,7 bis(p-toluenesulfonylamino)- 
5-(p-toluenesulfonyl-5-azanonane (1.1.11). This was purified by 
chromatography and reacted with 2.2 equivalents of sodium amide in DMF and 
then with 1,2-di(p-toluenesulfonyloxy)ethane (1.1.12). The 2,6-diethyi-1 ,4,7- 
tris(p-toluenesulfonyl) triazacyclononane (1.1.13) that was obtained following 
purification was heated in a solution of HBr in acetic acid to remove the p- 
toluenesulfonyl groups and form the titled compound (1.1 .7) 



1.1.8 



1.1.9 



1.1.10 



1.1.11 



TsO 



OTs 





*3HBr 



1.1.12 



1.1.13 



1.1.7 



1.1.14 



1 ,4;7-Triazabicyclo[7.4.0 8 - 13 ]tridecane trihydrobromide 
1,2-trans-bis(p-toluenesulfonylamino)cyclohexane (1.1.15) was 
treated with NaH in DMSO. 1-(p-toluenesulfonylamino)-2-(p-toluen e sulfonyl) 
ethane (1.1.16) was added to obtain l-(p-toluenesulfonylamino)-2-[N-p- 

toluenesulfonyl-N-(2-p-toluenesulfonylaminoethyl)Jaminocyclohexane (1.1.17). 
This was separated and reacted with NaH and 1,2-di(p- 

toluene S ulfonyloxy)ethane (1.1.12) was added. The 2,3-butano-N,N'N"-tris(p- 
toluene S ulfon y l)-1,4,7-tnazacYclononane{1.1.18) obtained was purified by 
chromatography. The p r toluenesulfonyl groups were removed by reaction in 
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HBr/Acetic acid and the 2, 3-butano- 1,4,7-triazacyclononane trihydrobromide 
(1.1.14) product precipitated from solution as the hydrobromide salt. 



TsHN 



OTs 



I.I.I5 



1.1.16 




1.1.17 




1.1.18 




*3HBr 



1.1.14 



1.1.19 1.3-Bis (1,4,7-triazacyclononane) propane 

N.N'-bisfp-toluenesulfonyO-l^^-triazacyclononane (1 .1 .20) was 
prepared by reacting (1.1.3) with two equivalents of p-toluenesulfonyl chioride. 
Two equivalents of N,N'-bis(p-tdluenesulfonyl)-1 ,4,7-triazacyclononane 
(1,1.20) hydrobromide were reacted with one equivalent of 1,3-diiodopropane 
in acetonitrile with excess potassium carbonate. 1 ,3-Bis[N,N'-bis(p-- 
toluenesulfonyl)- 1,4,7-triazacyclononane propane (1.1.21) was isolated and 
purified by chromatography. The p-toluenesulfonyl groups were removed using 
sulfuric acid and HBr to yield the title compound (1.1.19). 
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Ts 

UJ0 1.1.21 



H 



H 

1.1.19 



1 . 1 .22 1 ,4,7, 1 0-Tetraazabicyclo[5.5.2]tetradecane 

1,4,7.10-tetraazadodecane (1.1.4). trihydrobromide in acetonitrile 
with potassium carbonate was reacted with glyoxal to form 14 7 10- 
tetraazatetracyclo-15,5,2,0*", 0""] tetradecane (1.1.23). Following 
separation the pure product was obtained by iow pressure distillation This 
was d,ssolved in acetonitrile and benzylbromide was added to form 1 7- 
dibenzylonium-1,4,7,10-tetraa 2 atetracyclo[5,5,2,0*' 3 ,0 1 °^] tetradecane 
(1.1.24). Following recrystallization from ethanol this was reacted with sodium 
borohydride. HCI was added, followed by water and NaOH, and the product 
extracted with chloroform. Following evaporation of solvent the solids were 
d.ssolved in methanol and HBr was added to obtain 1,7-dibenzyM 4 7 10 
tetraazabicyclo (5.5.2) tetradecane (1 .1.25) as the hydrobromide salt/ This 
was d.ssolved in water and reduced using H 2 and a Pd-C catalyst to remove the 
benzyl groups. Purification of the title compound was by crystallization of the 
hydrobromide salt. The base form was obtained by low pressure distillation 
following addition of base. 
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eg) 



1.1.23 



*2Br 



1.1.24 




1.L25 




1.1.22 



1.1.26 



1,4,7,10,13-Pentaazabicyclo [8.5.2] heptadecane. 

To 1,8-bis(p-toluenesulfonyloxy)-3,6Vbis(p-toluenesulfonyl)-3 f 6- 
diazaoctane(1.1.27) was added 1,4,7-triazacycfononarie(1 .1 .3) in acetonitrile 
with potassium bicarbonate to obtain 4.7-bis (p-toluenesulfonyl)-l ,4,7,1 0,1 3- 
pentaazabicyclo [8.5.2] (1.1.28) heptadecane. The title compound was 
purified and the p-toluenesulfonyl groups were removed by treatment in sulfuric 
acid. Purification was done by low pressure distillation. 



^■r~\ 



TsO 



t 

Ts 

1.1.27 



V 

Ts 



OTs 



N 



r r> 



1.2.28 



1.2.26 



1.1.29 



1 ,2-Bis( 1,4,7-triazabicycIononane-l-yl) ethane. 
A mixture of N,N'-bis(p-toluenesulfonyl)-1 ,4,7-triazabicyclonone 
hydrobromide (1.1.1 3.33), ethylene glycol di-p-toluenesulf onyl or 
dibromoethane and excess of potassium carbonate in acetonitrile was refluxed 
overnight. The reaction mixture was added to water and extracted with 
methylene chloride. The tetratosylated product (1.1.30) was purified by 
chromatography. It was suspended in 70% H 2 S0 4 and heated at 150°C for 15 
hrs. The reactions cooled to room temperature and then 62% HBr solution was 
added. The white precipitate was collected and washed with ethanol. It was 
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redissolved in water and filtered from tars. The water was made basic and the 
title compound 11.1.29) was extracted with chloroform. 

H h 
1.1.30 LL29 

1 -2 SYNTHESIS OF ALKYLATING GROUPS FOR ALKYLATION OF POLYAZA 
BASES TO FORM CHELATORS DESCRIBED IN EXAMPLE 1.3. 

1.2.1 Preparation of Glycldyl Ethers 

Glycidyl tosylate (R, S or d,l) (1 .2.1 .0) was reacted In the 
appropriate alcohol solvent employing catalytic amounts of cone H a SO or 
equivalent amounts of tetrafluoroboranetherate. The 1-alkyloxy-2-hydroxy-3-p- 
toluenesulfonyloxypropane (1 .2.1 .1 ) product was reacted in ether with BuLi to 
V.eld the title epoxide. The following compounds were prepared in this manner. 

1 .2.1 .0 Glycidyl tosylate (R,S or d,l; commercially available). 

Q 




-OTs 
1.2.1.0 



1.2.1.1 1 -Alkyloxy-2-hydroxy-3-p-toluenesulf onyl 



oxypropane. 

RO^^X^OTs 
1.2.1.1 

1 .2.1 .2 d.l-Glycidyl-isopropyi ether (commercially available). 
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Q 

.OiPr 
1.2.12 

1 .2. 1 .3 (2R) Glycidyl-isopropyl ether. 

1 .2. 1 .4 (2S) Glycidyl-isopropyl ether. 

1 .2. 1 .5 d,l-Glycidyl-t-butyl ether. 



1.2.1.5 

1.2.1.6 (2R) Glycidyl-t-butyl ether. 

1 .2. 1 .7 d.l-Glycidyl allyl ether. 




12.1.7 

1.2.1.8 d,!-Gfycidyl phenyl ether 



)Ph 
12.1.8 

1 .2.2 Preparation of 2,2-Dialkoxymethytene Oxiranes and Spiro-Oxiranes 
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0 



S-Chloro-^chloromethyM-propane d.2.2.0) was reacted with the 
correspond sodium afkyfate or ^ ^ 

alcohol or dialcohol as solvent or using an inert solvent Tk ♦! 

Purified by distillation or chromatography Epox^Z T ^ 

mo . . . a pny * tPox'datton was performed usinq 

z pt; r ;::tr ie acid in ha,o9ena,ed so,vent ^ *— • »~ 

were prepared in this manner. 



1.2.2.0 



3.Chloro-2-chloromethyl-1- P ropane {commercially available). 



1.2.2.0 

1 .2.2. 1 . 2,2-Bis-ethoxymethyl oxirane. 



OEt 



1.2.2.1 

1.2.2.2 2,2-Bis-methoxymethyl oxirane. 

OMe 
1.2.2.2 

1 .2.2.3 2,2-Bis-isopropyIoxymethyI oxirane. 
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S*Pr 



1.2.2.3 

1.2.2.4 2,2-Bis-difurfuryIoxymethyl oxirane. 




1.2.2.4 

1.2.2.5 2, 2-Bis(hydroxymethyl) oxirane 

From 2-methylidene-1, 3-dihydroxypropanediol {commercially 

available). 

/ — OH 
CH 2 -C 

N — OH 
1.2.2.5 

1.2.3 Preparation of Oxiranespiro-3-(1,5-Dioxacycloalkanes). 

Various dry glycols in DMF were reacted with NaH and 3- 
chloromethyl-1 -propane (1.2.2.0) was added to the resulting reaction mixture. 
Following completion of the reaction the solvents were removed and the 
product purified by low pressure distillation. The purified product in 
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dichloroethane was reacted with m-chloroperbenzoic acid to form the 
corresponding epoxide. Following workup, the epoxide product was purified by 
distillation. The following compounds were prepared in this 



manner. 



1 .2.3. 1 Oxiranespiro-3-( 1 ,5-dioxacycloheptane). 
(From ethylene glycol) 



1.2.3.3 




1.2.3.1 



1.2.3.2 Oxirane S piro-3.(1,5-dioxa-7,7-dimethylcyclooctane). 
(From 2,2-dimethyl propylene glycol) 




Oxiranespiro-3-(1,5-dioxa-6-methyIcycloheptane). 
{From 1, 2- dihydroxy propane) 




1 -2.3.4 Oxiranes P iro-3-(1 ,5-dioxa-6,6.7,7-tetramethy(cycloheptane). 
[From 2,3-dihydroxy-2,3-dimethyl butane (pinacol)J. 
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1.2.3.5 



Oxiranespiro-3-(benzo[b]-1,5-dioxacycloheptane). 
(From 1,2-dihydroxybenzene). 




i .2.3.5 

1 .2.3.6 Oxiranespiro-3-(1,5-dioxacycloctane). 
(From 1,3-propanediol) 





O 
1.2.3.6 



1 .2.4 Preparation of Miscellaneous Epoxides 

1.2.4.1 2,2-dimethyl oxirane. 

(From 2-methyl-1-propene and m-chloroperbenzoic acid. 




1.2.4.1 
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1 .2.4.2 2-(lsopropy|)-2-M1-fluoro-l-methyl}ethyl] oxirane. 

Reaction between 2,4-dimethyl-3-pentanone (1.2.4.3), 
trimethylsilyl chloride, and base gave 2,4-dimethyl-3-trimethysifyloxy-2-pentene 
(1.2.4.4) which was reacted with 1-fluoropyridinium triflate (1.2.4.5) to form 
2,4-dimethyl-2-fluoro-3-pentanone (1 .2.4.6). This product was reacted with 
(CH 3 ) 3 S(0) + r to form the title compound (1.2.4.2). 




OSi(Me)3 V „- 



rr 

1-2-4.3 1.2.4.4 1.2.4.5 





F 

1.2.4.6 



1.2.4.7 2,2-Bis-isopropyl oxirane. 

(From 2,4-dimethylpentanone using (CH 3 ) 3 S(0) + |- as described i 



1.2.4.2) 




1.2.4.7 



1.2.4.8 2-( 1 -RuoroethyI)-2-( 1 -trimethylsilyloxyethyl) oxirane. 

The title compound was obtained in several steps; DEK was O- 
silylated using usual procedure. The resulting product was reacted With 1- 
fluoropyridinium triflate (1 .2.4.5) to yield 2-fluoro-3-pentanohe (1 .2.4 9) After 
bromination the 2-bromo-4-fuoro-3-pentanone (1.2.4.10) which was obtained 
was reacted with liquid ammonia to form 2-fluoro-4-hydroxy-3-pentanone 
d.2.4.1 1). The free hydroxy! group was protected with trimethylsilylchloride 
to form 2-fluoro-4-trimethylsilyloxo-3-pentanone (1.2.4.12). This product was 
reacted with trimethylsulfoxonium iodide to form the title compound (1 2 4 8) 
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1.2.4.9 1J2.4.10 12.4.11 12.4.12 1.2.4.8 

1 .2-4. 13 2-{ 1 -Bromoethyl)-3-methyl oxirane. 

Bromination of diethyl ketone with bromine gave 2,4-dibromo-3- 
pentanone (1.2.4.14). This product was reduced with BH 3 /THF to form 3- 
hydroxy-2,4-dibromopentane (1.2.4.15). After treatment with base the title 
compound (1.2.4.13) was obtained. 




Br Br Br Br Br 

1.2.4.14 1.2.4.15 1.2.4.13 



1 .2.4. 16 2-( 1 -FIuoroethyl)-3-methyl oxirane. 

From reaction between diethylketone and trimethylchlorosilane to 
form 3-trimethy!sHyloxy-2-pentene (1.2.4.17). This product was reacted with 

1- fIuoropyridinium triflate (1.2.4.5) to obtain 2-fluoro-3-pentandne (1.2.4.9). 
After bromination with pyridinium bromide followed by reduction using diborane 

2- fluoro-4-bromopentane-3-ol (1.2.4.18) was obtained. Reaction of this 
product with sodium methylate yielded the title compound (1.2.4.16). 

This compound was made also by reacting 2-(1-bromoethyl)-3-methyl oxirane 
(1.2.4.13) with HF/Py (70%) followed by treatment of the resulting 2-bromo-4- 
fluoropentan-3-ol (1.2.4.18) with K 2 C0 3 /MeOH. 

1 .2.4. 19 2-( 1 -Fluoroethyl)-2-( 1 -methoxyethyl) oxirane. 
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SiMe3 





1.2.4.17 



Br F 
1-2.4.18 




1.2.4.16 



2-1 l-RuoroethyD-3-methyl oxirane (1 .2.4. 1 6) was reacted with 
methanol/sulfuric acid to obtain 2-fluoro-4-methoxypentane-3-ol (1.2.4 20) 
This product was reacted with chromic anhydride/pyridine to form 2-fluoro-4- 
methoxypentane-3-one (1.2.4.21, which was then reacted with sodium hydride 
and tnmethylsulfoxonium iodide to obtain the title compound (1.2.4.19). 




F OMe 
1.2.4.20 




F OMe 
1.2.4.21 



^OMe 
1.2.4.19 



I . 2.4.22 2-( 1 -Methoxyethyl)-3-methyl oxirane. 

Reaction of 2-(1-Bromoethyl)-3-methyI oxirane (1.2.4.13) with 
methanol/sulfuric acid formed 2-bromo-3-hydroxy-4-methoxypentane 

I I. 2.4.23). This product was reacted with potassium carbonate in methanol to 
obtain the title compound (1.2.4.22). 





OMe 



1.2.4.22 

1.2.4.24 2-Ethyl-2-(1-methoxyethyI, oxirane. 

Reaction between diethyl ketone and dimethyl hydrazine gave 
d.ethyl ketone-N,N-dimethylhydrazone (1.2.4.25). This product was reacted 
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with dimethyl disulfide/LDA to obtain 2-methylthio-3-pentanone-N,N-dimethyl 
hydrazone (1 .2.4.26). This product was reacted with mercuric chloride 
followed by cupric chloride to obtain 2-methoxy pentane-3-one (1.2.4.27). 
Reaction of the latter compound with sodium hydride/DMSO/trimethylsulfonium 
iodide yielded the title compound (1.2.4.24). 




3.2.4.25 1.2.4.26 1.2.4.27 1.2.4.24 



1 .2.4.28 2-Ethyl-2-(1 -trimethylsilyloxy ethyl) oxirane. 

From reaction between 2-bromo-3-pentanone (1.2.4.29) and 
hydrazine obtained 2-hydroxy-3-pentanone (1.2.4.30). This product was 
reacted with trimethylchlorosilane/triethylamine to obtain 2-trimethylsilyloxy-3- 
pentanone (1.2.4.31). This product was reacted with methylenetriphenyl 
phosphite and butyllithium to obtain 2-ethyl-3-trimethylsilyloxy-1-butene 
(1.2.4.32). After oxidation with mefa-chloroperbenzoic acid in methylene 
chloride the title compound (1.2.4.28) was obtained. 




OSi(Me) 3 



1.2.4.29 1.2.4.30 1.2.4.31 1.2.4.32 1.2.4.28 

1.2.4.33 2,2-Bis(1-fluoroethyl) oxirane.. 

From reaction between 2-(1-Bromoethyl)-3-methyl oxirane 
(1.2.4.13) and HF/pyridine was obtained 2-bromo-4-fluoro-pentane-3-ol 
(1.2.4.1 8). This was reacted with potassium carbonate to obtain 2-(1- 
fluoroethyl)-3-methyl oxirane (1.2.4.16). This was reacted again with 
HF/pyridine to obtain 2,4-dif!uoro-pentane-3-ol (1.2.4.34). After oxidation with 
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chromic , rioXi de obtained 2.4-dif,uoro-3-pen,anone ,1.2.4.35). The epoxide 
title compound was prepared from the ketone as desoribed for 1.2.4.24. 






1-2.4.34 ,* 4 .3 5 ^ 

1.2.3.36 2,2-B.s-dichloromethyleneox.rane. 

(From direct epoxidation of 3.chlOro-2-chloromethyl^-propene). 

^ — a 

1.3.4.36 

1.2.4.37 2.2-Bis(1-methoxyethyl) oxirane. 

, , , * „ , 3 " Peman ° ne WSS br <»"'"«ed to get 2.4-dibro m o-3-pentanone 
BH ^hJ T 9 C ° nVen,i0nal me ' h ° dS - The *°"moke,one was reduced with 
whh « ! — s P°"<«n a a,coho, ,1.2.4.15,. This compound was reacted 
* T me,han °' ,0 Vie,d 2 - <1 - bromo ^vr»-3-me myl oxrrane ,1.2.4.13, 
wh,ch after reaction wilh MeOH/H jS 0 4 gave 2-bromo-3-hydroxv-4-methoxy 
pentane „ .2.4.38,. This intermediate was reacted again with MeONa in 
methane, and the resuming 2-„-me«hoxye,hy„-3-me,hy, oxirane ,1.2.4.22) was 
reacted again with M eOH/H 2 S0 4 to yie,d 2,4-dimethexy-3-hydroxy pentane 
,1 2.4.39). After oxidation with CrCyPy in me,hy,enech,oride the resuhing 
ketone was reacted with ,rimethy,su„oxonium iodida to give the ,it,a compound 
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1 .2.6.2 1 -Bromo-2-t-butyldimethylsi!yloxyethane, BrCH 2 CH 2 SifBu)( CH 3 ) 2 
(From bromoethanol and dimethyl-t-butylsilylchloride) 



(1.2.6.4) was reacted with ethylchloroformate in the usual way to obtain the 
active mixed anhydride. To a solution of the mixed anhydride in chloroform was 
added triethylamine and O-benzylhydroxylamine hydrochloride to obtain O- 
benzyl-4-pentenohydroxamic acid (1 .2.6.5). The double bond was oxidized 
using osmium tetroxide/N-methylmorpholine oxide to give the diol (1.2.6.6). The 
terminal hydroxyl group was then protected with t-butyldimethylsilylchloride in 
the usual way to yield (1.2.6.7). The secondary hydroxyl group was tosylated 
using pyridine/p-toluenesulfonyl chloride. Cyclization of (1.2.6.8) to the 
corresponding pyrrolidone (1.2.6.9) was effected by using sodium carbonate in 
methanol. The protecting silyl group was removed by treatment with 
tetraethylammonium fluoride. The title compound (1.2.6.3) was prepared by 
reacting the latter compound (1.2.6.10) with pyridine/p-toluenesulfonyl chloride 
in the usual way. 



1.2.6.3 



5-(p-Toluenesulfony!oxymethylene)-1*benzyloxy-2-pyrroiidone. 
This compound was prepared in several steps. 4-pentenoic acid 




COOH 




CONOBz 




CONOBz 



OH 



1.2.6.4 



1.2.6.5 



1.2.6.6 




OH 



OTs 



1.2.6.7 



1.2.6.8 




1.2.6.9 



1.2.6.10 



1.2.6.3 
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1 .2.6. 1 1 5-Bromo-1-benzyIoxy-2-pyrrolidone. 

This compound was prepared in several steps. Butyrolactone was 
reacted with PBr3/Br2 to obtain the dibromobutyrylbromide (1-2.6.12). This 
compound with O-benzylhydroxylamine yielded the protected 
dibromohydroxamic acid (1 .2.6. 1 3). CycJization was effected by base to give 
the cyclic protected hydroxamic acid (1 .2.6.1 1). 




1.2.612 1.2.6.13 1.2.6.11 

1 .2.7 Preparation of N-Alkyl-O-Benzylchloroacetohydroxamic Acids. 

This class of compounds was prepared from chloroacetyl chloride 
and the suitable N-AIkylhydroxylamine followed by O-benzylation with benzyl 
bromide. In certain instances the O-benzyl alkylhydroxylamine was used as the 
starting material. O-Methyl chloroacetoxyhydroxamic acid was prepared 
employing O-methylhydroxylamine as starting materia]. 

1.2.7.1 O-Benzyl-N-Methyl Chloroacetohydroxamic acid, 
ClCH 2 CON(Me)(OBz). 

1.2.7.2 O-Benzyl-N-isopropyl-Chloroacetohydroxamicacid, 
CICH 2 CON( } PrHOBz). 

1.2.7.3 O-Benzyl-N-tert-butyl-Chloroacetohydroxamicacid, 
CICH^ONCBuJCOBz). 

1 .2.7.4 O-Benzyl Chloroacetohydroxamic acid, CICH 2 CONH(OBz) 

1 .2.7.5 O-Methy! chloroacetohydroxamic acid, CICH 2 CONH(OMe) 

1.3 SYNTHESIS OF CHELATORS (LIGANDS) 

1.3.1 Synthesis of Polyaza Ligands with Pendant Arms Containing /?- 

Hydroxy Groups and Their Derivatives. 

This family of compounds was prepared by reacting polyaza free 
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1.3.1 .1 N,N',I\T-Tris (2-hydroxy-3-isopropoxypropy!)- 1,4,7- 
Triazacyclononane. 

From 1,4,7-triazacyclononane (1.1.3) and d,l-glycidyl isopropyl 
ether (1.2.1.2). 

<j)H (j)H 
iPrOCH 2 CHCH2\ / \ ^CHjCHCBbOiPr 





CH 2 (piCH20iPr 
OH 



1.3.1.1 



1.3.1 .2 (R,R,R) N,N\N"-Tris(2-hydroxy-3-isopropoxypropyl)-1,4,7- 
triazacyclononane. 

From 1,4,7-Triazacyclononane (1.1.3) and (2R) glycidyl isopropyl 
ether (1.2.1.3). 



f ? H . 

iPiOCH 2 CCH 2 \ f. \ /CH 2 CCH 2 OiPr 

H 



OH 




N- 

H 



r? 

CH 2 -CCH 2 Oipr 

s 

H 



1.3.1.2 



1 .3.1 .3 (S,S,S) N.N',N"-Tris(2-hydroxy-3-isopropoxypropyl) : 1 ,4,7- 
triazacyclononane. 

From -1,4,7-Triazacyclononane and (2S) glycidyl isopropyl ether 

(1.2.1.4). 
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? H 7 

a /• *\ 6h 

GHz-CCHzOift- 

oh 

13.1.3 

1 .3. 1 .4 N,N',N".Tris{2-hydroxy-3-t-butoxypropy|)-1 .4,7-triazacyclononane. 

From 1,4,7-Triazacyclononane (1.13) and (d.l) glycidyl-t-Butyl ether 

(1.2.1.5). 



)H OH 



tBuOCHzCHCH?^ / \ /C^CHCHfeOtBu 





t 

CH 2 <pHCIfeOtBu 
OH 



1.3.1.4 



1 3. 1 .5 (R,R,R) N,N',N"-Tris(2-hydroxy.3-t-butoxypropy|).1 ,4,7. 
triazacycfononane. 

From 1, 4,7-triazacyclononane (1.1.3) and (R) glycidyl t-Butyl ether 

(1.2.1.6). 
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f _ f 

tBuOCI£CCffc\ / \ /CH 2 CCH20tBu 

Hp 

CH 2 — CCH 2 OtBu 
H 




1.3.1.5 



1 .3. 1 .6 N,IM',N"-Tris(2-hydroxy-3 methoxypropyl)-1 ,4,7-triazacyclononane 

From 1,4,7-Triazacyclononane (1.1.3) and (d, I) glycidyl methyl 
ether (commercially available). 

)H OH 



MeOCHjCHCHz. / \ .C^CHCHiOMe 





CH 2 CHCH20Me 
OH 



1.3.1.6 



1.3.1.7 N,N%l\r-Tris(2,3-dihydroxypropyl)-1,4,7-triazacycIononane. 

From 1 ,4,7-triazacyclononane (1.1.3) and l-bromo-2,3- 
dihydroxypropane (commercially available) and excess of potassium carbonate 
or 1-chloro-2,3-dihydroxypropane (commercially available) and base. 
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QH OH 
HOCHjtblCH^ / \ .CHziHCHzOH 





il^CHCHzOH 
OH 



13.1.7 



1 .3.1 .8 N'N',N"-Tris(1-methoxy-2-hydroxy.2-methylpropyl)-1 ,4,7- 
triazacyclononane. ...... 

From 1,4, 7-Triazacyclononane (1.1.3) and (d, I) 3,3-Dimethyl-2- 
methoxy oxirane ( 1 -methoxy-2-methylpropylene, commercially available). 

OMe OMe 
(Me^CH. / \ 6l— C(Me)2 

OH C L J OH 

CH-<p(Me)2 
MeO OH 



1.3.1.8 



1.3.1.9 
(1.2.1.7). 



N.N',N-.Tris{2-hydroxy-3-aHyloxypropyl)-1.4.7-trla 2 acyclononane. 
From 1,4,7-Triazacyclononane (1.1.3) and (d,l) glycidyl ally! ether 
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<j>H OH 

CH 2 CHCH20CI^CH=CHb 
OH 



13.1.9 

1 .3. 1 . 1 0 N,N',N M -Tris(2-hydroxy-3-phenoxypropyl)-1 ,4,7-triazacycIononant 

From 1,4,7-TriazacycJononane (1.1.3) and (d,l) glycidyl phenyl 
ether (1.2.1.8). 

OH QH 
PhOOfc&TCEb^ / \ .CH 2 iHCH20Ph 





iHzCHCHzOPh 
OH 



1.3.1.10 



1.3.1.11 N # N',N M -Tris(2-hydroxy-2,2-diethoxymethylene)ethyI-T,4,7- 
triazacyclononane. 

From 1,4,7-triazacyclononane (1.1.3) and 2i2-Bis-ethoxymethyl 
oxiranef 1.2.2.1). 
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EtOCE^ N I-T CH 2 OEt 

V^^/^CH 2 OEt 

f^CH 2 OEt 
OH 



13.1.11 

1.3.1.12 ^^N"Oris(2-h y drox y ^^ 
triazacyclononane. 

From 1,4,7-triazacyclononane (1.1.3) and 2,2-Bis- 
methoxyoxymethyl oxirane (1.2.2.2). 

MeOCFfe p lT ^CH 2 OMe 

JK//CH 2 OMe 

2 1 CH 2 OMe 
OH 




1.3.1.12 



1 -3. 1 . 1 3 N^N^-hydrox^^ 
triazacyclononane. 

From 1,4,7-triazacyclononane (1.1.3) and 2,2-Bis- 
Isopropoxymethyl oxirane (1.2.2.3). 
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iPrOCHi^ ^ CH 2 OiPr 

PCH 2 OiPr 
OH 



1.3.1.13 

1 .3.1 .14 N / NMM"-Tris[2-hydroxy-bis{2-furfuryloxymethyl}ethyl]-1 .4,7- 
triazacyclononane . 

From 1,4,7-triazacyclononane (1.1.3) and 2,2- 
Bis(furfuryloxymethyl) oxlrane (1.2.2.4). 



c 






O 









J 

n 



o' 

Ox 



1.3.1.14 



1.3.1.15 N.N^N"-Tr^s(3-hydroxy-1,5-dioxacycloheptyl-3-methyl)-^,4,7- 
triazacyclononane. 

From 1,4,7-Triazacyclononane (1.1.3) and oxiranespiro-3-(1 ,5- 
dioxacycloheptane) (1.2.3.1). 
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1.3.1.15 



1 -3. 1 . 1 6 N,IM',N»-Trfs[{3.Hydroxy-7,7-dlmethyM .5^oxacyclooct-3-yl)- 
methyl]-1,4,7-triazacycIononane. 

From 1 ,4,7-Triazacyclononane {1 .1 .3) and oxiranesp«ro-3-(1 ,5- 
dioxa-7,7-dimethylcyclooctane) {1 .2.3.2). 




HO 



\ 



CH 2 



HO 



\ 




\ 



13.1.16 



1.3.1.17 N.I^NMrfsHS^^ 
1.4.7-triazacyc/ononane. 

From 1 ,4,7-Triazacyclononane (1.1.3) and Oxiranespiro-3-(1,5- 
dioxa-6-methylcycloheptane(1.2.3.3). 
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1.3.1.17 

1.3.1.18 N,N%N M -Tris[(3-hydroxy-6^ 

yl)methyl]-l ,4,7-TriazacycIononane. 

From 1 ,4,7-Triazacyclononane (1.1.3) and oxiranespiro-3-(1 ,5- 
dioxa-S/e^^-tetramethylcycloheptane) (1 .2.3.4). 




1.3.1.18 



1.3.1.19 N,N',N ,, -Tris[(3-hydroxY-benzotb]-1 / 5* 

dioxacyc!oheptyI)methyl]1,4,7-triazacycIononane. 
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From 1.4.7-triazacyclononane (1.1.3) and oxiranespfro-3-(benzorbJ- 
1,5-dioxacycloheptane) (1.2.3.5). 




1.3.1.19 



1 .3. 1 .20 N,N',l\T-TrisI(3-hydroxy-1 . 5-dioxacyclooctane-3-yl)methyl]-1 .4.7- 
triazacyclononane. 

From 1,4,7-triazacyclononane (1.1,3) and oxiranespiro-3-(1 , 5- 
dioxacyclooctane) (1.2.3.6). 




1.3.1.20 



1-3.1.21 N.NMM«-Tris(2-hydroxy-2-methyIpropyl).1, 4 .7-Triazacyc! 



ononane. 
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From 1,4,7-Triazacyclononane (1.1.3) and 2,2-Dimethyl oxirane 

(1.2.4.1 ) 



OH <j>H 
(Me^CHCH^ / \ x CH2CH(Me)2 



CH 2 <pi(Me)2 
OH 



1J.L21 

1 .3.1 .22 N,N',N ,, -Tris[(4-f!uoro-2-hydroxy-3-i-propyl-4-methyl)pentyl]-1 ,4,7- 
triazacyclononane. 

From 1,4,7-triazacyclononane (1.1.3) and 2-isopropyl-2-(1-fluoro-1 
methylethyl) oxirane (1.2.4.2). 




1.3.1.22 

1.3.1.23 N.N',N"-Tris-[2-hydroxy-3-(1-ffuoroethyf)-4-hydroxypentyl]-1,4,7- 
triazacyclononane. 

From 1,4,7-triazacyclononane (1.1.3) and 2-(1- 
trimethylsilyloxyethyl)-2-(1-fluoroethyl) oxirane (1.2.4.8). 
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p OH 
13.1.23 



1.3.1.24 N,N> /N -.Trisr2.hyd>oxy.2-(1-fIuoroethyl).2-(1. m e^ 
1 '4,7-triazacycfononane. 



From 1 ,4,7-triazacyclononane (1.1.3) and 2-<1-F!uoroethyl)-2-(1- 
methoxyethyl) oxirane (1.2.4.19). 



CH 2 . ^OH 




OMe 



1.3.1.24 



1 .3. 1 .25 N,IM'.N--Tris(2-hydroxy.2-ethyl-3-methoxy butyl).1 ,4,7. 
triazacyclononane. 

From 1,4,7-triazacyclononane (1.1.3) and 2-ethyl-2-(1- 
methoxyethyl) oxirane (1.2.4.24). 
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1.3.1.25 

1.3.1.26 N'N^N w -Tris(2,3-dihydroxy-2-ethyl)butyl]0,4,7-Triazacyclononane. 

From 1,4,7-triazacyclononane (1.1.3) and 2^ethyl-2-(1- 
trimethylsilyloxyethyl) oxirane (1.2.4.28). 




1.3.1.26 

1.3.1.27 N,N',N"-Trisl2-hydroxy-2,2-bis(1-fluoro ethyl) ethyl] T 1,4,7- 
triazacyclononane. 

From 1,4,7-triazacylononane (1.1.3) and 2,2-bis(1-flubroethyl) 
oxirane (1 .2.4.33).- 
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1.3.1.27 



1.3.1.28 N,N',N M -Tris[2-hydroxy-2,2-bis{1-methoxyethyl)ethyI]-1.4,7. 
triazacyciononane. 

From 1,4,7-Triazacyclononane (1.1.3) and 2,2-(1-methoxyethyl) 
oxirane (1.2.4.37). 



Me^ 2 y^M 



.OH 




OMe OMe 



1.3.128 



1.3.1.29 N.N'.W-TrisIO^-dimethyl^-hydroxyJbutyn-l^^- 
triazacyciononane. 

From 1.4.7-Triazacyclononane (1.1.3). 1-Bromo-2-hydroxy-3,3- 
dimethylbutane (1.2.6.1) and sodium carbonate. 
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<j>H OR 

(Me) 3 CCHCI^^ / \ .CH 2 CHC(Me)3 



N 





CH 2 ' 



CHC(Me)3 
OH 



13.1.29 

1 .3. 1 .30 N,NM\r-Tris(2-hydroxypropy!)-1 ,4,7-triazacyclononane. 

From 1,4,7-triazacyclononane (1.1.3) and propylene oxide. 

OH OH 

CH 3 CHCH2^ / \ CH2CHCH3 





£^CHCH 3 
OH 



1.3.1.30 



1.3.1.31 N,N',N"-Tris(2,2-dimethoxyethanyI)-1,4,7-triazacyclononane. 

From 1,4,7-triazacyclononane (1.1.3), 1-chloro-2,2- 
dimethoxyethane (commercially available) and sodium carbonate. 



(MeO)2CHCH2^ / \ ^CH 2 CH(OMe>2 



w 

CH 2 CH(OMe)2 



1.3.1.31 

1 .3. 1 .32 N.N'.N"-Tris{2-hydroxycyclopentan-1 -yl)-1 ,4.7-triazacyclononane. 
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From 1,4,7-triazacyclononane (1.1.3), 1,2-epoxycyclopentan< 
(commercially available) and sodium carbonate. 




1.3.1.32 



1 -3.1 .33 N^%N"-Tris(2.hy t rroxycyclohexane-1.y|)-l,4,7.tria 2 ac y clononane. 

From 1,4,7-triazacyclononane (1.1.3), 1,2-epoxycyclohexane 
(commercially available) and sodium carbonate. 




1.3.1.33 



1 .3.1 .34 N,N'.N"-TriaHyl-1,4,7-Tria Z acyclononane. 

From 1.4,7-triazacyclononane (1.1.3), sodium hydride and allyl 



bromide. 
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CH 2 =CHCKfe^/ \ /CH 2 CH=CIt 
CH 2 CH= 




1.3.1.34 

1 .3.1 .35 N,N',N"-Tris[(3-chloro-2-hydroxy}propyI)]-1 ,4,7-Triazacyclononane. 

From N,N , ,N"-tria!lyl-1,4,7-tria2acyclononane<1.3.1,34) and 
aqueous chlorine. 



<j>H <p H , : 

C1CH 2 CHCH 2 ^ / \ ^CHiCHCHiCl 





;ai 2 a 

OH 



CH 2 <p» 



1.3.1.35 

1.3.1.36 1.2-Bis-(N,N'-dN2-hydroxyethyl-1.4.7-triazacyclononane-1-yl) 
ethane. 

From 1,2-bis-{1,4,7-triazacyclononane-1-yl) ethane 
polyhydrobromide and ethylene oxide. 



HOCHiCHa^ f \ /" W \ ^CH 2 CH 2 OH 
CH 2 CH 2 OH CH 2 CH 2 OH 




1.3.1.36 
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1.3.1.37 N.N\N w # N w '.Tetrakis-{2.hydroxyethyI)-1 # 4 # 7 # io. 
tetraazacyclododecane. 

From 1.4,7,10-Tetraazacyclododecane (1.1.4) and bromoethanol. 




HOCH 2 CH 2 / \ / N CH 2 CH 2 OH 



13.137 



1 .3. 1 .38 N.N',N".N-.Tetrakis(2.3-dihydroxypropyl)-l .4.7^ 0 - 
tetraazacyclotetradecane. 

From 1,4,7, 10-tetraazacyclotetradecane (1.1.4), 1-chloro-2,3- 
propanediol (commercially available) and base. 

<j>H OH 

HOCHaCHCH^^ ^CH 2 CHC^OH 

HCCH^CH^ 

OH OH 

1.3.1.38 

1.3.1.39 4,10-Bis(2-Hydroxy P ropy|)-1,4,7,10-tetraazabicyclo[5.5.2] 
tetradecane. 

From 1,4,7,10-tetraazabicyclo[5.5.2]tetradecane (1.1.4) and 
propylene oxide. 
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? H 

/ "\ /CH 2 CHCH3 



CH 3 (^HCHi 
OH 




1.3.1.39 



1 .3. 1 .40 4, 1 0-Bis-(2-hydroxyethyl)- 1 ,4,7, 1 0- 

tetraazabicy c!o [5 . 5. 2]tetradecane . 

From 4, 1 0-Bis(dimethoxycarbonylmethyl)-1 ,4,7, 1 0- 
tetraazabicyclo[5.5.2] tetradecane (1.3.6.8) and lithium aluminum hydride. 

I \ X CH 2 CH20H 



HOCH 2 CH2 / 



1.3.1.40 



1.3.1.41 4.10-Bis[{2-Hydroxy-2-phenyl)ethy|]-1,4,7,10- 
tetraazabicyclo[5.5.2]tetradecane. 

From 1,4,7,10-Tetraazabicyclo[5.5.2Jtetradecane (1.1.4) and 
styrene oxide. 
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/CHzCHPh 




1 -3. 1 .42 4, 1 0-Bis-(2,3-dihydroxypropyl,.1 ,4,7, 1 0-tetraazabicycIo [5.5.21 
tetradecane. 

From 1,4,7,10-tetraa2abicyclo[5.5.2Jtetradecane (1.1.4) and 

glycidol. 



<j>H 

j ~\ y CH 2 CHCH20H 



HoafccpHCHi 

OH 




1.3.1.42 



1.3.1.43 N,N',N",N"'-Tetrakis-(2,3-dih y droxypropyl)-1,4,8,11- 
tetraazacyclohexadecane. 
From cyclam (1.1.5) and glycidol. 

L — N N— 1 
HOC^pjCH/ ^ 'cHbCHCHiOH 
OH OH 



1.3.1.43 
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1 .3. 1 .44 cis, trans N,N,N', N'-Tetrakis(2,3-dihydroxypropyl)-1 ,2-diamino- 
cyclohexane. 

From cis,trans 1 ,2-diaminocyclohexane (commercially available) 

and glycidoi. 



OHOH 
N(CH 2 CHCH 2 )2 




N(CH2(pH<pH2) 2 
OHOH 



1.3.1.44 



1 .3. 1 .45 trans N,N,N\N'-Tetrakis(2,3-dihydroxypropyl)-1 ,2-diamino- 
cyclohexane. 

From trans-1,2-diaminocyclohexane (commercially available) and 

glycidoi. 




OHOH 
N(CH 2 CHCH2) 2 

N(CH 2 <pH(pE^)2 
OHOH . 

1.3.1.45 



1 .3. 1 .46. N,N^',N'-Tetrakis(2,3-dihydroxypropyl)-ethylenediamine. 
From ethylenediamine (1.1.0) and glycidoi. 
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<j> H OH 
HOCEfeCHCH^ / v x CH 2 CHCH 2 OH 



HOCH2<pHCI^ X CH 2 CHCI^OH 
OH OH 



1.3.1.46 



1.3.1.47 ^^'.N^N^^I••-P. nto Ms ( 2.3^ydroxyprop y , Mi e fty ,e„e W am 1 ne 
From diethylenetriamine (1.1.1). 1-chloro-2.3-prop a nediol and 



base. 



? H ? H W H 

OHOH OHOH 

1.3.1.47 

1-3-1.48 N.N,N',N",N- # N--Hexaakis(2,3-dihydroxypropy|) 
triethylenetetramine. 

From triethylenetetramine (1.1 .2) and g/ycrdof. 
OHOH 

' I OHOH 

OHOH CH 2 rjHpfe CHaCHCHa CH.^ 

OHOH OHOH OIK >H 

1.3.1.48 

1-3.1.49 W.N.N'.N'-Tetr a kis(2.3-dihydroxyprop y 0-1,2-d iami no-2- 
methylpropane. 

From 1,2-diaminomethylpropane and glycidol. 
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<j>H<j)H (pepH 
(CH 2 CHCHz) 2 N N(CH 2 CHCH2) 2 



1-3.1.49 



1 .3. 1 .50 N,N,^N'-Tetrakis(2,3-dihydroxypropyl)-1 ,2-diaminopropane. 
From 1,2-diaminopropane and glycidol. 



<j>H<j)H ^ ^ <pHpH 

(CH 2 CHCH2)2N N(CH 2 CHCH2) 2 



1.3.1.50 

1 .3. 1 .51 N,N'.N"-Tris(2,3-diacetoxypropyI)-1 ,4>7-triazacyclononane. 
From 1.3.1.7 and Py/Ac 2 0. 



<j>Ac <j)Ac 
AcOCH 2 CHCH 2 \ / \ .CHiCHCHjOAc 





N. 



CH 2 <pHCKbOAc 
OAc 

1.3.1.51 

1 .3. 1 .52 N,N',N"-tris(Dimethyl-2,3-isopropylidene propylJ-1 ,4,7- 
triazacyclononane. 

From 1.3.1.7 and 2,2-dimethoxypropane/p-toIuenesulfonic acid. 
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1.3.1.52 

1 .3. 1 .53 4. 1 0.(2-Diacetoxyoxypropy!)-1 .4,7, 1 0-tetraazabicyclo [5.5.2] 
tetradecane. 

From 1.3.1.39 and Py/Ac,0. 



/ \ /CH2CHCH3 




1.3.1.53 



1.3.1.54 ^^-Tr^^ 
triazacyclononane. 



oxirane. 



From 1,4, 7-triazacyclononane (1.1.3) and 2,2-bis(hyd 



roxymethyl) 
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\ 



HO 



CH2\ 




1.3.1.54 



1 .3.1 .55 N,N',N"-Tris-[2-hydroxy-(2,2-dihydroxymethy|)ethyI]-1 ,4,7- 
triazacyclononane. 

From 1,4,7-triazacyclononane (1.1.3) and 2,2-bis(hydroxymethyl) 
oxirane (1.2.2.5). 



CH 2 OH 



V^CIfeOH 



1.3.1.55 



1.3.2 



Synthesis of Polyaza Ligands With Alkylphosphonate Mono- and Di- 
Esters Pendant Arms. 



1.3.2.1 



Preparation 



Chelators which have three identical methylene phosphonate 
diester arms were prepared by reacting the trihydrobromide polyaza bases with 
formaldehyde and dialkylphosphite. The hexa-ester was hydrolized to the tri- 
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ester by heating with NaOH dissolved in the appropriate alcohol (the same R 
group as in the dialkylphosphite). In some cases products were obtained by 
reacting the amine base with haloalkylphosphonates or epoxyphosphonates. 

1.3.2.1 N ' N '' N "-Tris(dibutylphosphorylmethyl)-1,4,7-triazacyclononane. 

From 1.4,7-triazacyclononane (1.1.3) trihydrobromide, 
formaldehyde solution and di-n-butyl phosphite (1.2.5.1). 



DBuO^F „ ft 



.OnBu 



CO 



ll OnBu 

o 



1.3.2.1 



1.3.2.2 



N.N'.N"-Tris(dihydroxyphosphorylmethylmono butyl ester)- 
1/4,7-triazacyclononane. 

From N,N',N"-tris(dibutylphosphorylmethyI)- 
1,4,7-triazacycfononane (1.3.2.1) and KOH/butanol. 



HO — y if' ^OH 

-OnBu 



^OH 
O 



1.3.2.2 



1.3.2.3 



N,N' # N"-Tris(diethylphosphorylmethyl).1,4,7-triazacyclononane. 
From 1,4,7-triazacyclononane (1.1.3) trihydrobromide, 
formaldehyde solution and diethyl phosphite (commercially available). 
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OEt 
OEt 



o 



1.3.2.3 



1.3.2.4 N # N'.N"-Tris(dihydroxyphosphorylmethylmonoethyl ester)- 

1#4,7-triazacyclononane. 

From N,N',N*'-tris(diethylphosphorylmethy!)- 
1 ,4,7-triazacyclononane (1 .3.2.3) and NaOH/EtOH. 



EtO^ff __ ? >OEt 

H0" PCH -N^V CH ^H 



^OEt 

o 



1.3.2.4 



1.3.2.5 N.N%N--Tris(dio(i^lpho8phoryfmetlwn^ 

From 1 ,4,7-triazacyclononane (1.1.3), formaldehyde and 
dioctylphosphite (1.2.5.2). 
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13.2.S 

• if. • - - 

1.3.2.6 



N # N',N".Tris(dfhydroxyphosphorylmethyl monooetyl ester)- 
1 /4,7-triazacyclonpnane. 
From 1.3.2.5 and NaOH in octyl alcohol. 

HO N IT >OH 



1.3.2.6 

1;3.2.7 



N,^N--Tris(dii S obutylp^ 

From 1,4, 7-Triazacyclononane (1.1.3), formaldehyde and 
diisobutylphosphite (1.2.5.3). 
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1.3.2.7 

1 .3.2.8 N.N',N n -Tris(dihydroxyphosphoryImethyl monoisobuty! ester}- 
1 ,4,7-triazacyclononane. 
From 1.3.2.7 and NaOH in isobutyl alcohol. 



iBuO^? V>OiBu 



CH 2f C 
O 



1.3.2.8 



OiBu 
OH 



1.3.2.9 W 'W^^' ,, -Tris{diben2ylphosphorylrnethyl)-1 v 4.7-tria2acyclononane. 

From 1,4,7-Triazacyclononane (1.1.3). formaldehyde and 
dibenzylphosphite (1.2.5.4). 



BzO^-.TV^OBz 



^OBz 
O 



1.3.2.9 
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1.3.2.10 N^'^ n -Tris{diethylphosphorylethyl)-1.4,7-tria 2 acyclononane. 

From 1,4,7-triazacyclononane (1.1.3) trihydrobromide, potassium 
carbonate and diethyl(2-bromoethyl)phosphonate (1.2.5.5). 



EtaS j k 9 OFt 

^pc^ch^ xt /^ xt /Ch 2 ch 2 pC 

EtO N N OEt 



ff/OEt 
CH2CH2PC 

OEt 



1.3.2.10 

1.3.2.11 N,N'.N-,N-'-Tetrakis(diethylphosphorylmethyl)-1 # 4,7,io. 
Tetraazacyclodecane. 

From I^.^IO-TetraazacyclodecaneCLI^) trihydrobromide, 
formaldehyde and diethylphosphite (commercially available). 

OEt 



EtO OEt 



o o 

1.3.2.11 

1.3.2.12 N r NMM",N M '-Tetrakis(diethylphosphorylethyl)- 1,4,7, 10. 
tetraazacyclododecane. 

From 1,4,7,10-tetraazacyclododecane (1.1.4) trihydrobromide, 
potassium carbonate and diethyl(2-bromoethyl)phosphonate (1 .2.5.5). 
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EtCT 2 OEt 
EtO< R .OEt 

o o 



1.3-2.12 

1.3.2.13 4,10-Bis{diethylyphosphoryIethyl)-1 # 4,7,Td-tetraazabicyclo [5.5.2] 
tetradecane. 

From 1 ,4,7, 1 0-tetraazabicyc1o[5. 5.2]tetradecane (1.1 .20} 
dihydrobromide, potassium carbonate and diethyl(2-bromoethyl)phosphonate 
(1.2.5.5). 



OEt 



\>CH 2 CH 2 \ / 



I \ y CR 2 CH 2 V 

°Et 



1.3.2.13 

1 .3.2.14 4,1 0-Bis(diethylphosphoryl methyl)-1 ,4,7,1 0-tetraazabicyclo 
[5.5.2] tetradecane. 

From 1,4,7,10-tetraazabicyclo[5.5.2]tetradecane (1.1.20) 
trihydrobromide, formaldehyde and diethylphosphite (commercially available). 
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/ \ ^L-OEt 

/ \ /CH 2 PC 

OEt 



13.2.14 

1 .3.2. 1 5 N,N',N"-Tri S {d«ethyfphosphorylmethyl)-1 ,4,7, 1 0, 1 3-pehtaazabicycl< 
[8.5.2]heptadecane. 

From 1 ,4,7. 1 0,1 3-pentaazabicyclo[8.5.2]heptadecane {1.1 .25), 
formaldehyde and diethylphosphite (commercially available). 

EtoJ? , . 



O 

1.3.2.15 



1.3.3 



Synthesis of Polyaza Ligands with Identical Alkylphosphonic Acid 
Pendant Arms. 

These compounds were prepared by either hydrolizing the ester 
groups of the compounds described under 1.3.2, or from the polyaza base, 
formaldehyde and phosphorous acid. 

1.3.3.1 1, 2-Bis(N,N'-bis(dihydroxyphosphrylmethyl)-1,4,7- 
triazacyclononan-1-yl) ethane. 

From 1,2-bis-{1,4,7-triazacyclononan-1-yl)ethane (1.1.28), 
formaldehyde and phosphorous acid. 
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HO^ff 

ho /PCH 2 . / \ / 



/CH 2 F 



™4 




OH 



OH 



CH 2f 



OH 
^OH 



13.3.1 



1.3.3.2 l^-BistN^N'-bistdihydroxyphosphorylmethyD-l,^?- 
triazacyclononan-1-yl)propane. 

From 1,2-Bis-(l,4,7-triazacyclononan-1-yl)propane (1.1.1 9), 
formaldehyde and phosphorous acid. 



HO x ? 



HO 





1.3.3.2 



1.3.3.3 4,10-Bis(dihydroxyphosphorylmethyl)-1,4,7,10- 
tetraazabicyclo[5.5.2]tetradecane. 

From 1,4,7,10-Tetraazabicyclo[5.5.2Jtetradecane (1.1.20) 
trihydrobromide, formaldehyde and phosphorous acid. 
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1.3.3.3 

1.3.3.4 4 ' 7 ' 1 3-Tris(dihydroxyphosphoryfmethyf)-1,4,7,io,13- 
Pentaazabicyclo[8.5.2Jheptadecane. 

From hydrolysis of 1, 4,7,1 3-tris(diethy| P hosphory Imethyl)- 
1'4'7,10,13-pentaazabicycior8.5.2]heptadecane (1.3.2.15) by HCI. 



HO^? 

OH 
OH 



"(-chjpC 



C C f 



1.3.3.4 



The following compounds were prepared from the corresponding 
diesters by hydrolysis with HCI: 



1.3.3.5 



N ' N ^ WB -Tris(dihydr6xyphos P horylethyn-1,4,7-triazac y clononane. 
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HoJ? , v ff^OH 

HO N If ^OH 



CH2CH2P\ 

OH 



1.3.3.5 



1.3.3.6 N,N',N ,, ,N , "-Tetrakis(dthydroxyphosphorylethyl)-1 ,4,7,10- 
tetraazacyclododecane. 



HoJ? / \ aurji^ 0 ^ 

/PCH 2 CH 2 \ / \ /CH 2 CH2P\ 
HO 1NL °H 

HO^ R .OH 

O o 



1.3.3.6 



1 .3.3.7 4, 1 0-Bfs(dihydroxyphosphorylethyl)-1 ,4,7, 1 0-tetraazabicyclo[5.5.2] 
tetradecane. 



/ y ?/OH 

/ \ / CH 2 CH 2 P^ rj 



HoJ? 

/PCH 2 CH 2 
HO . 




1.3.3.7 
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1 .3.4 Synthesis of Polyaza Ligands with Pendant Arms Containing 

Phosphonate Esters and Acids with Alpha Substituent Groups. 
Alkyi or aryl groups a to the phosphonate moiety were prepared by 

alkylation of the corresponding ligand in the form of its dialkylphosphonate. 

1 .3.4.1 N » N '»N"-Tris[a-dihydroxyphosporyl-flr-ben2yl)methyl]- 
1 »4,7-Triazacyc!ononane. 

From ^N-.N-.Trisfta-diethylphosporyl-a-benzyDmethyl]- 
1,4,7-triazacyclononane (US patent 5,380,515) and trimethylsilyl iodide. 

HCX f 2 ^ oh 
^ /OH 

n> 

Bz O 



1.3.4.1 



1.3.4.2 



N,N',N--Tris{Hdiethyiphosphoryl)-a.hydroxy]ethy|}-1,4.7. 
triazacyclononane. 



From 1.4,7-triazacyclononane (1.1.3) and 2-diethylphosphoryl 
oxirane (1.2.5.7). 



(EtO^CI^ /"A CH 2 CHP(OEt)j 
OH f A OH 



CH2<pHP(OEt)2 
OH 



1.3.4.2 
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1 .3.4.3 N.N / *N"-Tris[dihydroxyphosphpryl-a-hydroxy)ethyl]-l ,4,7- 
triazacyclononane. 
From 1.3.4.2 and HCt. 



? ^ ? 

(HO>2P<pHCI^\ / \^CH 2 ^HP(OH)2 
OH A A OH 

CH 2 <pHP(OH)2 
OH 



1.3.4.3 

1 .3.5 Synthesis of Polyaza Li'gands with Pendant Arms Containing 

Hydroxamate Groups. 

These compounds were prepared by reacting 1,4,7- 
tetraazacyclononane (1.1.3) trihydrobromide with a N-alkyl-O-benzyl 
chloroacetohydroxamic acid in the presence of a base. The free hydroxamic 
acid was obtained by removing the benzyl protecting group by hydrogenoJysis. 

1 .3.5.1 N,N',N"-Tris[{N-methyl-N-benzyloxycarbamoyl)methyil1 .4,7- 
triazacyclononane. 

From 1,4,7-triazacyciononane, sodium carbonate and O-benzyl-N- 
methyl chloroacetohydroxamate (1.2.7.1). 



Me Me 
BzONCOCH>\ / \ _,CH 2 CONOBz 




I 

CH 2 CO]jJOBz 
Me 



1.3.5.1 
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1.3.5.2 



N.N',N--Tris[(N-methyl-N-hydroxycarbamoyl)methyn-1 # 4,7- 
triazacyclononane. 

From N,N' f N M -Tris[(N-methyl-N-ben 2 yloxycarbamoyl)methyl]-1 ,4,7- 
triazacyciononane (1 .3. 5. 1 ) and H 2 and Pd/C. 



Me Me 
HONCOCI^ / \ .CH 2 CONOH 





CH 2 CO^lOH 



Me 



13.5.2 

1.3.5.3 



N,N',N"-Tris[(N-isopropyl-N-ben Z yloxycarbamoyl)methyl]-1 # 4,7. 
triazacycfononane. 

From 1,4,7-Triazacyclononane trihydrobromide and chloroaceto-N- 
isopropyl-O-benzyl hydroxamate (1.2.7.2). 



f f 

BzONCOCIi^ / \^CH 2 CONOBz 
CH 2 CO^OBz 



iPr 

1.3.5.3 

1.3.5.4 



IN/.IM',IM"-Trisf(N-isopropyl-M-hydroxycarbamoynmethyl]-1,4,7. 
triazacyclononane. 

From 1.3.5.3 and H 2 and Pd/C. 
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HONCOCEK / V/CHzCONOH 



CH 2 CONOH 
iPr 



1.3.5.4 

1 .3.5.5 N.N'.N"-Tris[(N-t-butyl-N-benzyloxycarbampyl)methyl]-1 ,4,7- 
triazacyclononane. 

From 1,4,7-triazacyclohonane trihydrobromide and chloroaceto-N-t- 
butyl-O-benzyl hydroxamate (1.2.7.3). 



»Bu t|Ju 
BzONCOOE4\ / \ ^CH 2 CONOBz 

CH 2 CO]j*OBz 
tBu 



1.3.5.5 



1.3.5.6 N.N'.N "-Tris[(N-t-butyl-N-hy droxy carbamoyDmethyl] -1 ,4,7- 
triazacyclononane. 
From 1.3.5.5, H 2 and Pd/C. 
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CH 2 CO^OH 
tBu 

13.5.6 

1.3.5.7 N'N'^'-trisHN-benzyloxycarbamoyDmethyD-l,^?. 
triazacyclononane. 

From 1,4,7-triazacycfononane (1.1.3) trihydrobromide and 
chloroaceto-O-benzyl hydroxamate (1.2.7.4). 

BzONCOCE£\ / V^CHaCONOBz 



I 

CH 2 CO]j*OBz 
H 



1.3.5.7 



1.3.5.8 N.N',N"-Tris[(N-hydroxycarbamoyl)methyIM,4,7. 
triazacyclononane. 
From 1.3.5.7 and H 2 and Pd/C. 
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HONCOCI^\ / \ .CH 2 CONOH 

C,5 



CH 2 COlsiOH 
H 



1.3.5.8 



1.3.5.9 N,N',N"-TrisI(N-methoxycarbamoyl)methyl]-1 # 4.7- 
triazacyclononane. 

From 1,4,7-triazacyclononane (1.1.3) trihydrobromlde and 
chloroaceto-O-methyl hydroxamate (1.2.7.5). 



MeONCOCE^\ / \ ^CH 2 CONOMe 

CHfeCOljJOMe 
H 



1.3.5.9 



1.3.5.10 4,10-Bis[(N-benzyloxycarbamoyI-N-methyl)methyl)-1,4,7,10- 
tetraazabicyclo[5.5.2]tetradecane. 

From 1,4,7,10-tetraazabicyclo[5.5.2]tetradecane (1.1.20) 
dihydrobromic acid, sodium carbonate and chloroaceto-O-benzyl hydroxamate 
(1.2.7.4). 
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r 



BzON< 




Me 

"\ /CH2CONOB2 



1.3.5.10 



1.3.5.11 ^10-Bis[(N-hvdroxycarbamoyl-N-methyl)methyI]-1,4,7,ii 
Tetraazabicyclo f5.5.2J tetradecane. 
From 1.3.5.10 and H 2 and Pd/C. 



Me 

/CH 2 CONOH 



ho: 



•yCOCH/ 
Me 




1.3.5.11 



1-3.5.12 N.N^"Onsi(1-benz yl oxy-2 W ^ 
triazacyclononane. 

From 1,4, 7-triazacyclononane (1.1.3), 5-{ p . 
to»uenesulfon y ioxymethy,)-1.ben 2 y!oxy-2.pyrrolidone (1 .2.6.3) and base. 
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